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mortalities within a known 24-hr period were compared to
concurrent hourly wind speeds. Even thoughlcalm {<24 km/hr)
and windy (>24 km/hr) days occurred with egual frequency, 24
(69%) collisions occurred on windy days while only 11 (31%)
collisions occurred on calm days (Figure 13).

Sex

Equal numbers of male (29) and female (29) cranes were
found after colliding with powerlines. Reinecke and Krapu
(1986) found a 50:50 sex ratioc in most sandhill crane
populations. Assuming this to be true for crane populations
staging along the Platte River during the 3-yr study, there
was no differential mortality between sexes.

NECROPSIES |

Various external injuries sustained by cranes that
collided with powerlines were documented, including broken
culmen and neck, fractured or completely severed wing and
tarsus, and abrasions. Of 73 closely-examnined crane
specimens, 95% had obvious externpal injuries, and 38% of those
sustained a combination of two or more injuries.

Necropsies were completed on 53 crane specimens. Most

(78%) were in good to excellent physical condition. We
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observed dramatically greater amounts of fat in <cranes
collected in April than in March.

Gross findings from internal examinations included one or
a combination of the following: fractured vertebrae, clavical,
sternum, ribs, and pelvis; ruptured liver, kidney, lungs, and
intestines; and minor to extensive hemorrhaging in pectoral
muscle, heart, liver, kidney, lungs, thoracic air sacs, neck
region, and brain. All dead cranes were diagncsed with severe
trauma caused by collision with a powerline or subsequent

impact upon falling to the ground.
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DISCUSSION

EFFECTIVENESS OF MARKERS

Yellow balls on static wires were effective in reducing
sandhill crane collisions with transmission lines along the
Platte River valley of southcentral Nebraska. A statistically
significant difference in number of crane mortalities was
observed at marked and unmarked spans at nine upland study
segments over 3 years. Furthermore, crane flight behavior
suggested that yellow balls evoked avoidance reactions by
cranes; whereas cranes reacted less often to spans without
balls. Cranes approaching marked spans typically increased
altitude at farther than 25 m from the wires, suggesting that
they saw the balls from a distance and avoided them. On the
oéher hand, cranes were more likely to flare within 5 m of
unmarked spans, as if they were unaware of the wires until
closer approach. Observations of crane flights over
powerlines suspended across the river near roosts also showed
that cranes reacted more frequently where balls were present

on the static wires. Research indicates that birds' eyes are

most sensitive to yellow-green under daylight conditions
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{Beaulaurier 1981); therefore the yellow coloration was most
likely visible to the cranes.

In our opinion, the most substantial evidence on the
effectiveness of yellow balls was the virtual elimination of
crane collisions after marking the single span suspended
across the river at Site R3. While these data were not
statistically analyzed as were the flight behavior data from
the nine upland study segments, the difference in observed
collisions before and after marking is obvious. Powerlines
routed across a river channel, particularly near roosts,
present hazardous obstacles to cranes and other waterbirds
flying along a river's course (Willard et al. 1977). Fifty-
one crane carcasses were recovered in 1981 at a powerline that
crossed the Platte River east of Kearney (Windingstad 1988},
which was the same location as Site R3 (K. Strom, Rowe Audubon
Sanctuary, Gibbon, pers. commun.). In the evening, cranes
flew into roosts on both sides of the span, and it appeared
that many cranes frequently 1left the east roost to move
upriver; consequently, cranes crossed the span numerous times.
Ward et al. (1986) also cbserved cranes leaving one roost to
fly to another after twilight. Frith (1974) reported that

cranes on the Platte River were active until midnight and
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short flights on.the river were common. The roost located
downriver of Site R3 was known to hold as many as 30,000
cranes in a night (C. Frith, National Audubon Society, Grand
Island, pers. commun.).

No collisions, however, were observed upriver at Site R2.
Prior to marking, Site R3 was more hazardous for cranes to fly
over than R2 because of pole structure placement. At Site R3,
a single span of wires was suspended over the river between
poles set on opposite banks; in contrast, two spans were
suspended over the river with a set of poles midstream at Site
R2. Cranes may have seen the middle set of poles and adjusted
their altitude, but they were less likely to see the wires at
Site R3 and risked collision. Cranes regularly flew along the
river at altitudes such that they would collide with the wires
if no evasive action were taken.

While random observations at river segments revealed a
significant risk posed by powerlines suspended across the
water to nearby crane roosts and indicated a significant
effect of markers, this study was initially designed to
evaluate daytime flight behavior of cranes at upland segments.

Further study should be initiated to adequately address the
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hazard of powerlines suspended across rivers which birds
travel at night.

The magnitude of powerline c¢ollision mortality of
sandhill cranes in the Platte River valley was higher than the
collected sample of dead cranes indicated, considering unknown
crippling losses. Crippling of birds was substantial in
several studies of bird collisions with powerlines (Krapu

1974, Anderson 1978, James and Haak 1979, Beaulaurier 1981,

Faanes 1984).

FACTORS CONTRIBUTING TO CCLLISIONS

Crane collisions were related to several factors:
proximity of powerlines to <crane Thabitat, weather,
disturbance, number of crane flights over powerline segments,
and age were important factors contributing to sandhill crane
collisions along the Platte River.

Cranes were more vulnerable to colliding with powerlines
that bisected flight routes between roosts and/or fields.
Crane flight behavior indicated that cranes flying less than
250 m before crossing over a powerline were lower in relation
to the wires and increased their altitude to avoid wires.

Cranes travelling farther than 2-3 km fly at higher altitudes
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(Tacha 1984). Bealaurier (1981) and Brown et al. (1987) also
observed cranes fly at low altitudes over powerlines in
association with short flights.

Cranes were frequently observed flying 10-15 m above the
ground Dbetween fields; as a consequence, 12-m-high
transmission 1lines obstructed their +typical flight path.
Cranes were never observed flying under transmission lines
except when flushed, and it seemed counter to their habit to
do so intentionally. .Even at the 27-m-high transmission line
at Site 2, cranes were reluctant to fly under the line, but
instead flew vigorously upwards to cross over the wires.
Waterfowl and geese also seldom fly under powerlines but rise
to pass over (Hunt 1972, Willard et al. 1977, Cassell et al.
1979).

Birds flying over powerlines adjacent to roosting or
foraging sites have less time and distance in which to react
and avoid wires (Scott et al. 1972, Andersen-Harild and Bloch
1973, Kroodsma 1978, Thompson 1978, Beaulaurier 1981, Brown et
al. 1987, Howard et al. 1987, Faanes 1987, and others).
Powerlines situated near potential whooping crane use sites
would pose a hazard (Lingle 1987). Coupled with inclement

weather and/or disturbance factors, the case where powerlines
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bisect crane flight paths was an important factor contributing
to sandhill crane collisions with powerlines.

Inclement weather conditions limited the ability of
cranes to detect and avoid powerlines in their flight path.
Wind speed was significantly related to crane collision
mortalities in this study. Cranes flying with a tailwind
approached wires faster and had less time to maneuver. Cranes
typically lowered their legs and flapped vigorously to rise
upward over static wires; however strong winds and gusts
rendered such a strategy less effective. Hence, cranes often
broke or severed their legs upon striking the wires. Several
near-ccllisions were observed where cranes flying with a
tailwind flared at static wires.

Precipitation and fog occurred infrequently during all
years of the study; therefore mortality data did not reflect
the potential for collisions under such conditions. However,
others have documented considerable crane mortalities from
powerline collisions following snowstorms accompanied by high
winds and limited visibility (Wheeler 1966, Brown et al. 1987,
Ward et al. 1986, 1987), and under foggy conditions (Tacha et
al. 1979). Inclement weather contributes to other bird

collision mortality as well (Krapu 1974, Stout and Cornwell
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1976, Thompson 1977, Willard et al. 1977, Anderson 1978,
Faanes 1984).

Cranes were disturbed by vehicles and people, both
inadvertantly and intentionally. Cranes frequently flushed
from fields as vehicles passed on adjacent roads, even when
separated by distances greater than 300 m. Bird-watchers and
photographers easily disturbed cranes when they approached on
foot, and a photo of a flushed flock was seemingly more
desirable than one of cranes on the ground. Occasionally,
cranes tolerated stationary vehicles or a person walking a
regular route. Disturbed cranes could likely flush wildly
away from the disturbance into a powerline in their path.
Brown et al. (1987) reported that crane collisions were likely
to occur when cranes were flushed near a powerline. Archibald
(1987) attributed powerline collision mortality of red-crowned
cranes to disturbance by photographers. Several researchers
concluded that disturbance was a major factor contributing to
bird collisions with powerlines (Blokpoel and Hatch 1975,
willard et al. 1977, James and Haak 1979, McDonald 1979,
McNeil et al. 1985).

The potential for crane collisions increased with crane

use adjacent to powerlines, as shown by annual variation in
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collision rates corresponding to crane flights at upland study
segments. Crane distribution from Overton to Odessa has
shifted eastward in recent years as availability of roosting
habitat diminishes due to vegetative encroachment on the river
(Frith 1974; K. Strom, Rowe Audubon Sanctuary, Gibbon, pers.
commun.); which may explain the increasing number of cranes
observed at Sites 2 and 21 near Odessa. At Site 22 near
Overton, low numbers of cranes were expected each year because
of limited roosting habitat nearby; however, more cranes were
observed in 1990 because of several thousand cranes began
roosting nightly in a shallow lake 0.6 km northwest of Site 22
(TSN R19W S32 SW1/4, Dawson Co.). These cranes flew across
Site 22 to feed in corn and alfalfa fields; consequently, more
crane flights, as well as collision mortalities, were recorded
in 1990. The lake roost had not been identified in previous
years. Others have reported that ceollisions with powerlines
coincided with peak numbers of birds, especially during
migration (Scott et al. 1972, Krapu 1984, Stout and Cornwell
1876, Thompson 1977, Anderson 1978, McDonald 1979, Malcolm
1932, Brown et al. 1984, Faanes 1987).

Juvenile sandhill «c¢ranes were <considerably more

vulnerable to powerline collisions than adult cranes.
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Juveniles may have lacked flight experience and were
unfamiliar with the area their first year, and thus were less
adept at avoiding powerlines. Brown et al. (1987) and Ward et
al. (1986, 1987) also reported significantly higher
proportions of 3juvenile crane mortalities from powerline
collisions compared to adults. Others have concluded that
inexperienced and immatufe birds were more susceptible to
powerline collision mortality than adults (Krapu et al. 1974,
Fitzner 1975, Stout and Cornwell 1976, McNeil et al. 1985). Of
13 whooping cranes of known age that have collided with
powerlines, eight were juveniles, three subadults, and two
adults (Ward et al. 1986). Both sandhill and whooping cranes
have low annual recruitment rates of less than 12%, therefore
mortality of young birds raises concern (Krapu et al. 1982).
Collision mortality of young whooping cranes is an adverse
factor effecting the population growth of whooping cranes (U.

S. Fish and Wildlife Service 1986).

RECOMMENDATIONS
Based on field observations and evaluation of the effect
of yellow balls on static wires on sandhill crane flight

behavior and mortality, the following recommendations are
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offered for marking transmission lines to reduce crane
collisions.

Transmissjon 1lines should be marked to reduce the
probability of a whooping. crane collision. Particular sites
should be selected for marking based on historic use of a site
or high probability that a site will be used by whooping
cranes.

Sandhill crane mortality from collisions with powerlines
is not biologically significant for the species as a whole;
nevertheless, mortality of any migratory bird should be
minimized. Flight patterns and mortality in relation to
powerlines should be determined to assess the occurrence or
potential of «collisions. Marking efforts should be
concentrated in areas of historically high bird use and high
mortality.

The number and size of balls placed on static wires will
vary with the powerline type, span length, and structural
limitations of the powerline. Pole structures apparently act
as visual cues to the presence of wires because cranes collide
more often at mid-span, thus balls should be spaced at least
along the middle portion of a span. Two markers per 100 m of

wire would be effective for maximum visibility. Larger marker
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size would also increase visibility. The larger 50-cm balls
installed on the river span seemed substantially more visible
from a distance than the 30-cm balls on upland study segments,
and may be comparatively more visible under extreme weather or
light conditions,

To the human eye, yellow markers were highly visible,
even under low light. The black vertical stripe created an
effective contrast on yellow and to the horizontal wire to
which the ball was attached. The tape wrapped around the
fiberglass ball remained intact for the 3-yr study. While any
markers may not be effective under extreme conditions, such as
thick fog or total darkness, the yellow balls seemed to be
visible under a range of light conditions. Cranes evidently
saw the yellow balls on the river span after twilight, and
'they may have perceived either the yellow color or the balls!
silhouette. Luminescent tape that glows after dark wrapped
onto fiberglass balls would be even more suitable in cases
where birds encounter powerlines under low light conditiocns
{Beaulaurier 1981). Yellow spiral vibration dampers and swing
plates are currently being evaluated as color-marking devices
to reduce crane and waterfowl collisions in the San Luis

Valley, Colorado (Brown et al. 1987). Marking efforts should
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follow a case-by-case evaluation of the extent or potential of
collision mortality at the concerned segment, and cost-
effectiveness of number and size of markers to use.

Disturbance of cranes should be minimized particularly
where cranes encounter powerlines on daily local flights.
Visitors to the Platte River valley were warned not to disturb
or approach cranes, but some disturbance is unavoidable.
Placement of shrub windbreaks or hay bales along roads would
provide a barrier behind which visitors could stop their
vehicles and view cranes feeding 1in the field without
disturbance. Markers should be placed on powerlines to
increase wire visibility in areas where disturbance is likely
and reduce the potential for crane collisions.

Observations of sandhill crane flight behavior in
relation to powerlines suggest potential whooping crane flight
behavior. Whooping cranes would be expected to react
similarly to marked and unmarked powerline spans. Because
whooping cranes have a larger body size apd slower wing beat,
they are apparently more susceptible to strike a powerline.
Factors contributing +to sandhill crane collisions with
powerlines likely contribute to whooping crane collisions as

well. Yellow balls would be effective in reducing collisions
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of whooping and sandhill cranes at powerlines that present a

hazard to their flight.
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APPENDIX A

Powerline Study Segments
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APPENDIX B

Two-way Contingency Table Analysis
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APPENDIX C
Sandhill Crane Mortalities From Collisions With
Powerlines In the Study Area Along the

Platte River, Nebraska, 1988-90



Date Line Habltat Carcass

" Crane found Site Type* type condition
Co6 31488 T10 Grass Scav
co7 31588 T9 Crop
Cclo0 32288 D Crop
Cll 32288 D Crop Scav
cl2 32388 T10 Crop
C13 40188 T9 Crop Scav
Cl4 40388 D Crop
Cl5 40388 6 T9 Grass
Clé 40388 6 T9 Crop
Cl7 40488 T9 Crop
clis 40488 T9 Crop
Cc19 40588 D Crop
Cc20 40588 2 T8 Crop
C22 41288 T7 Crop
c23 41288 T7 Crop Scav
C24 41388 D Hay
D03 30988 4 T10 Grass Live
D04 31488 T9 Crop
D05 31488 T9 Crop Scav
D06 31488 5 T9 Grass Scav
pos 31988 4 T10 Grass Scav
D10 40188 T1l0 Grass
D11l 40388 T10 Grass Scav
D12 40388 T9 Crop
D13 40488 T9 Crop:

D14 40488 T9 Crop
D15 40488 T9 Crop
D16 40488 T9 Crop
D17 40688 T10 Crop
D18 40688 T10 Crop
D19 40688 T10 Crop
EQ1 30589 D Crop
E02 30589 D Crop
EQ3 32489 T9 Grass
E04 32489 T9 Grass
EOQS 32489 TS Crass
EQé 32489 T9 Grass
EQ7 32489 T9 Grass
EOS8 32489 T9 Grass
E09 . 32489 T9 Crass
E1l0 32489 T9 Grass
Ell 32489 T9 Grass
El12 32489 T9 Grass
El3 32489 T9 Grass
El4 32489 T9 Grass
E1l5 32489 T9 Grass
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Date

Line Habitat Carcass

Crane found Site Type* type condition
Els 32789 3 T9 Grass

El7 32789 20 T9 Crop

El8 32989 TS Grass

El9 33089 20 T9 Crop

EBE20 40689 4 T10 Grass Scav
E21 41089 D Crop

FO4 31989 T10 Crop

FO5 32189 21 T7 Crop Scav
FO7 32189 T10 Crop

FO8 32289 5 T9 Crop

F10 33089 2 T8 (rass

Fll 40189 T9 River

Fl2 40289 T9 Crop

F13 40589 T9 Crop

Fl4 40689 D Crop

F15 40889 T10 Crop

Flé 40889 T7 Crop

F117 40889 T7 Crop

Fl8 40889 T7 Crop

Fl9 40989 T10 Crop Live
F20 40989 T10 Crop

GOl 32589 T10 Grass

G02 33089 T9 Grass Scav
GO03 32289 20 T9 Crop

c04 32989 T10 Grass Scav
Go05 40489 9 T9 Grass Scav
Go6 40789 T10 Grass Scav
G07 40889 4 T10 Grass

Go8 40889 5 T9 Grass

G09 32789 4 T10 Grass Live
. G10 41089 T9 Grass Scav
Gll 41189 6 T9 Grass

HO1 31389 5 T9 Grass

HD2 31789 4 T10 Grass

HO3 32989 6 T9 Grass Scav
HO4 40689 21 T7 Crop Live
HOS5 40289 5 T9 Grass

MOL 31190 4 TL10 Grass Scav
MO2 31390 T10 Grass Scav
MO03 314950 D Crass Live
M04 31590 6 TS Crass

MO5 31690 2 T8 Grass

M06 31690 2 T8 Grass

M07 32090 3 T9 Hay

MO8 32890 T7 Hay

M10 40590 22 T10 Hay

M11 40690 T Hay Live



Date Line Habitat Carcass

Crane found Site Type* type condition
M12 40690 T Hay Live
M13 40690 3 T9 Grass
M1l4 40690 3 T9 Grass
M15 40790 D Crop
M1i6 40890 3 T9 Grass S8cav
M17 41390 : T10  Crop _ Scav
M18 41590 4 T10 Grass Scav
NO1l 31790 2 T8 Grass
NO2 32790 20 T9 Crop
NO3 32790 2 T8 Hay
NO4 32990 D Hay
NO5 4039340 T10 Crop
NO& 40390 T10 Crop Scav
NO7 40490 3 T9 Grass Scav
NOB8 40490 3 T9 Hay
NO9 40490 D Crop
N1lO 40490 )] Grass
N1l 40490 T9 Crop
N15 406990 : T10 Grass
N16 40690 4 T10 Grass Scav
N17 40790 T9 Grass
N18 41290 20 T9 Crop
N19 41290 T3 Crop
POl 31990 2 T8 Crop
P02 31990 2 T8 Crop
P03 32190 T7 Crop
P04 32190 T7 Hay
P05 32190 T7 Hay
P06 33090 7 Crop
P07 40190 22 T10 Hay
P08 41390 T9 Crop Live
P09 41390 T9 Crop Live
501 32690 2 T8 Grass

* T = transmission, D = distribution (Figure 2a)

c-3
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